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He showed that extreme cold does not in- 
terfere with their power of germination. 

The Association will meet next year at 
Bradford, commencing on Wednesday, Sep- 
tember 5th, with Sir William Turner as 
president. The meeting of 1901 will be 
at Glasgow, and the following meeting will 
probably be in Ireland. 



ADDRESS BY THE PRESIDENT OF THE GEO- 
LOGICAL SECTION OF THE BRITISH 
ASSOCIATION FOR THE ADVANCE- 
MENT OF SCIENCE.* 

Among the many questions of great the- 
oretical importance which have engaged 
the attention of geologists, none has in late 
years awakened more interest or aroused 
livelier controversy than that which deals 
with Time as an element in geological his- 
tory. The various schools which have suc- 
cessively arisen — Cataclysmal, Uhiformi- 
tarian, and Evolutionist — have had each 
its own views as to the duration of their 
chronology, as well as to the operations of 
terrestrial energy. But though holding dif- 
ferent opinions, they did not make these 
differences matter of special controversy 
among themselves. About thirty years 
ago, however, they were startled by a 
bold irruption into their camp from the 
side of physics. They were then called 
on to reform their ways, which were de- 
clared to be flatly opposed to the teach- 
ings of natural philosophy. Since that 
period the discussion then started regard- 
ing the age of the Earth and the value 
of geological time has continued with vary- 
ing animation. Evidence of the most mul- 
tifarious kind has been brought forward, 
and arguments of widely different degrees 
of validity have been pressed into service 
both by geologists and paleontologists on 
one side, and by physicists on the other. 
For the last year or two there has been a 
pause in the controversy, though no gen- 

* Dover meeting, September, 1899. 



eral agreement has been arrived at in re- 
gard to the matters in dispute. The pres- 
ent interval of comparative quietude seems 
favorable for a dispassionate review of the 
debate. I propose, therefore, to take, as 
perhaps a not inappropriate subject on 
which to address geologists upon a some- 
what international occasion like this pres- 
ent meeting of the British Association at 
Dover, the question of Geological Time. 
In offering a brief history of the discussion, 
I gladly avail myself of the opportunity of 
enforcing one of the lessons which the dis- 
cussion has impressed upon my own mind, 
and to point a moral which, as it seems to 
me, we geologists may take home to our- 
selves from a consideration of the whole 
question. There is, I think, a practical 
outcome which may be made to issue from 
the controversy in a combination of sym- 
pathy and cooperation among geologists all 
over the world. A lasting service will be 
rendered to our science if by well -concerted 
effort we can place geological dynamics and 
geological chronology on a broader and 
firmer basis of actual experiment and meas- 
urement than has yet been laid. 

To understand aright the origin and 
progress of the dispute regarding the value 
of time in geological speculation, we must 
take note of the attitude maintained 
towards this subject by some of the early 
fathers of the science. Among these pio- 
neers none has left his mark more deeply 
graven on the foundations of modern geol- 
ogy than James Hutton. To him, more 
than to any other writer of his day, do we 
owe the doctrine of the high antiquity of 
our globe. No one before him had ever 
seen so clearly the abundant and impres- 
sive proofs of this remote antiquity re- 
corded in the rocks of the earth's crust. 
In these rocks he traced the operation of 
the same slow and quiet processes which he 
observed to be at work at present in grad- 
ually transforming the face of the existing 
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continents. "When he stood face to face 
with the proofs of decay among the moun- 
tains, there seems to have arisen upper- 
most in his mind the thought of the im- 
mense succession of ages which these proofs 
revealed to him. His observant eye en- 
abled him to see " the operations of the 
surface wasting the solid body of the globe, 
and to read the unmeasurable course of 
time that must have flowed during those 
amazing operations, which the vulgar do 
not see, and which the learned seem to see 
without wonder."* In contemplating the 
stupendous results achieved by such appar- 
ently feeble forces, Hutton felt that one 
great objection he had to contend with in 
the reception of his theory, even by the 
scientific men of his day, lay in the in- 
ability or unwillingness of the human mind 
to admit such large demands as he made on 
the past. 'What more cau we require?' 
he asks in summing up his conclusions ; 
and he answers the question in these mem- 
orable words : " What more can we require ? 
Nothing but time. It is not any part of 
the process that will be disputed ; but after 
allowing all the parts, the whole will be 
denied; and for what? — only because we 
are not disposed to allow that quantity of 
time which the ablution of so much wasted 
mountain might require, "f 

Far as Hutton could follow the succes- 
sion of events registered in the rocky crust 
of the globe, he found himself baffled by 
the closing in around him of that dark 
abysm of time into which neither eye nor 
imagination seemed able to penetrate. He 
well knew that, behind and beyond the 
ages recorded in the oldest of the primitive 
rocks, there must have stretched a vast 
earlier time, of which no record met his 
view. He did not attempt to speculate be- 
yond the limits of his evidence. " I do not 
pretend," he said, " to describe the begin- 

*Theory of the Earth, Vol. I., p. 108. 
t Op. tit, Vol. II., p. 329. 



ning of things ; I take things such as I find 
them at present, and from these I reason 
with regard to that which must have 
been."* In vain could he look, even among 
the oldest formations, for any sign of the 
infancy of the planet. He could only de- 
tect a repeated series of similar revolutions, 
the oldest of which was assuredly not the 
first in the terrestrial history, and he con- 
cluded, as "the result of this physical in- 
quiry, that we find no vestige of a begin- 
ning, no prospect of an end ."f 

This conclusion from strictly geological 
evidence has been impugned from the side 
of physics, and, as further developed by 
Playfair, has been declared to be contra- 
dicted by the principles of natural phi- 
losophy. But if it be considered on the 
basis of the evidence on which it was 
originally propounded, it was absolutely 
true in Hutton's time and remains true 
to-day. That able reasoner never claimed 
that the earth has existed from all eternity, 
or that it will go on existing for ever. He 
admitted that it must have had a beginning, 
but he had been unable to find any vestige 
of that beginning in the structure of the 
planet itself. And notwithstanding all the 
multiplied researches of the century that 
has passed since the immortal ' Theory of 
the Earth ' was published, no relic of the 
first condition of our earth has been found. 
We have speculated much, indeed, on the 
subject, and our friends the physicists have 
speculated still more. Some of the specu- 
lations do not seem to me more philosoph- 
ical than many of those of the older cos- 
mogonists. As far as reliable evidence can 
be drawn from the rocks of the globe itself, 
we do not seem to be nearer the discovery 
of the beginning than Hutton was. The 
most ancient rocks that can be reached are 
demonstrably not the first-formed of all. 
They were preceded by others which we 

*Op. eit, Vol. I., p. 173, note. 
fOp. eit., Vol. I., p. 200. 



October 13, 1898.] 



SCIENCE. 



515 



know must have existed, though no vestige 
■of them may remain. 

It may be further asserted that, while it 
was Hutton who first impressed on modern 
geology the conviction that for the adequate 
comprehension of the past history of the 
earth vast periods of time must be admitted 
to have elapsed, our debt of obligation to 
him is increased by the genius with which 
he linked the passage of these vast periods 
with the present economy of nature. He 
iirst realized the influence of time as a 
factor in geological dynamics, and first 
taught the efficacy of the quiet and unob- 
trusive forces of nature. His predecessors 
and contemporaries were never tired of in- 
voking the more vigorous manifestations of 
terrestrial energy. They saw in the com- 
position of the land and in the structure of 
mountains and valleys memorials of num- 
berless convulsions and cataclysms. In 
Hutton's philosophy, however, " it is the 
little causes, long continued, which are con- 
sidered as bringing about the greatest 
changes of the earth."* 

And yet, unlike many of those who de- 
rived their inspiration from his teaching, 
but pushed his tenets to extremes which he 
doubtless never anticipated, he did not look 
upon time as a kind of scientific fetich, the 
invocation of which would endow with effi- 
cacy even the most trifling phenomena. As 
if he had foreseen the use that might be 
made of his doctrine, he uttered this re- 
markable warning : " With regard to the 
•effect of time, though the continuance of 
time may do much in those operations 
which are extremely slow, where no change, 
to our observation, had appeared to take 
place, yet, where it is not in the nature of 
things to produce the change in question, 
the unlimited course of time would be no 
more effectual than the moment by which 
we measure events in our observations, "f 

* Theory of the Earth, Vol. II., p. 205. 
t Op. cit., Vol. I., p. 44. 



We thus see that in the philosophy of 
Hutton, out of which so much of modern 
geology has been developed, the vastness of 
the antiquity of the globe was deduced from 
the structure of the terrestrial crust and the 
slow rate of action of the forces by which 
the surface of the crust is observed to be 
modified. But no attempt was made by 
him to measure that antiquity by any of 
the chronological standards of human con- 
trivance. He was content to realize for 
himself and to impress upon others that the 
history of the earth could not be understood, 
save by the admission that it occupied pro- 
longed though indeterminate ages in its 
accomplishment. And assuredly no part 
of his teaching has been more amply sus- 
tained by the subsequent progress of re- 
search. 

Playfair, from whose admirable ' Illustra- 
tions of the Huttonian Theory ' most geol- 
ogists have derived all that they know di- 
rectly of that theory, went a little further 
than his friend and master in dealing with 
the age of the earth. Not restricting him- 
self, as Hutton did, to the testimony of the 
rocks, which showed neither vestige of a 
beginning nor prospect of an end, he called 
in the evidence of the cosmos outside the 
limits of our planet, and declared that in 
the firmament also no mark could be dis- 
covered of the commencement or termina- 
tion of the present order, no symptom of 
infancy or old age, nor any sign by which 
the future or past duration of the universe 
might be estimated.* He thus advanced 
beyond the strictly geological basis of rea- 
soning, and committed himself to state- 
ments which, like some made also by 
Hutton, seem to have been suggested by 
certain deductions of the French mathe- 
maticians of his day regarding the stability 
of the planetary motions. His statements 
have been disproved by modern physics ; 
distinct evidence, both from the earth and 

* Illustrations of the Huttonian Theory, \ 118. 
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the cosmos, has been brought forward of 
progress from a beginning which can be 
conceived, through successive stages to an 
end which can be foreseen. But the dis- 
proof leaves Hutton's doctrine about the 
vastness of geological time exactly where it 
was. Surely it was no abuse of language 
to speak of periods as being vast, which can 
only be expressed in millions of years. 

It is easy to understand how the Uni- 
formitarian school, which sprang from the 
teaching of Hutton and Playfair, came to 
believe that the whole of eternity was at 
the disposal of geologists. In popular esti- 
mation, as the ancient science of astronomy 
was that of infinite distance, so the modern 
study of geology was the science of infinite 
time. It must be frankly conceded that 
geologists, believing themselves unfettered 
by any limits to their chronology, made 
ample use of their imagined liberty. Many 
of them, following the lead of Lyell, to 
whose writings in other respects modern 
geology owes so deep a debt of gratitude, 
became utterly reckless in their demands 
for time, demands which even the require- 
ments of their own science, if they had 
adequately realized them, did not warrant. 
The older geologists had not attempted to 
express their vast periods in terms of years. 
The indefiniteness of their language fitly 
denoted the absence of any ascertainable 
limits to the successive ages with which 
they had to deal. And until some evidence 
should be discovered whereby these limits 
might be fixed and measured by human 
standards, no reproach could justly be 
brought against the geological terminology 
It was far more philosophical to be content 
in the meanwhile, with indeterminate ex- 
pressions, than from data of the weakest or 
most speculative kind to attempt to meas- 
ure geological periods by a chronology of 
years or centuries. 

In the year 1862 a wholly new light was 
thrown on the question of the age of our 



globe and the duration of geological time- 
by the remarkable paper on the ' Secular 
Cooling of the Earth,' communicated by 
Lord Kelvin (then Sir William Thomson), 
to the Eoyal Society of Edinburgh.* In 
this memoir he first developed his now 
well-known argument from the observed 
rate of increase of temperature downwards 
from the surface of the land. He aston- 
ished geologists by announcing to them that 
some definite limits to the age of our planet 
might be ascertained, and by declaring his 
belief that this age must be more than 20 
millions, but less than 400 millions of years. 

Nearly four years later he emphasized 
his dissent from what he considered to be 
the current geological opinions of the day 
by repeating the same argument in a more 
pointedly antagonistic form in a paper of 
only a few sentences, entitled, ' The Doc- 
trine of Uniformity in Geology briefly re- 
futed. 'f 

Again, after a further lapse of about two 
years, when, as President of the Geological 
Society of Glasgow, it became his duty to 
give an address, he returned to the same 
topic and arraigned more boldly and ex- 
plicitly than ever the geology of the time. 
He then declared that " a great reform in 
geological speculation seems now to have 
become necessary," and he went so far as to 
affirm that " it is quite certain that a great 
mistake has been made — that British popu- 
lar geology at the present time is in direct 
opposition to the principles of natural philos- 
ophy."! l n pressing once more the original 
argument derived from the downward in- 
crease of terrestrial temperature, he now 
reinforced it by two further arguments, 
the one based on the retardation of the 
earth's angular velocity by tidal friction, the 

*Trans. Roy. Soo. Edin., Vol. XXIII. (1862). 

fProo. Roy. Soo. Edin., Vol. V., p. 512 (Deo. 18, 
1865). 

J Trans. Geol. Soc, Glasgow, Vol. III. (February, 
1868), pp 1, 16. 



October 13, 1899.] 



SCIENCE. 



517 



other on the limitation of the age of the 
sun. 

These three lines of attack remain still 
those along which the assault from physics 
is delivered against the strongholds of 
geology. Lord Kelvin has repeatedly re- 
turned to the charge since 1868, his latest 
-contribution to the controversy having been 
pronounced two years ago.* While his 
physical arguments remain the same, the 
limits of time which he deduces from them 
have been successively diminished. The 
•original maximum of 400 millions of years 
has now been restricted by him to not much 
more than 20 millions, while Professor Tait 
grudgingly allows something less than 10 
millions. f 

Soon after the appearance of Lord Kel- 
vin's indictment of modern geology in 1868, 
the defence of the science was taken up by 
Huxley, who happened at the time to be 
President of the Geological Society of Lon- 
don. In his own inimitably brilliant way, 
half seriously, half playfully, this doughty 
combatant, with evident relish, tossed the 
physical arguments to and fro in the eyes 
of his geological brethren, as a barrister 
may flourish his brief before a sympathetic 
jury. He was willing to admit that "the 
rapidity of rotation of the earth may be di- 
minishing, that the sun may be waxing dim, 
or that the earth itself may be cooling. ' ' But 
he went on to add his suspicion that " most 
of us are Gallios, 'who care for none of 
these things,' being of opinion that, true or 
fictitious, they have made no practical dif- 
ference to the earth, during the period of 
which a record is preserved in stratified de- 
posits."! 

For the indifference which their advocate 
thus professed on their behalf most geolo- 

* 'The Age of the Earth,' being the Annual Ad- 
dress to the Victoria Institute, June 2, 1897. Sci- 
ence, May 12 and 19, 1899. Phil. Mag., 1899. 

t Keeent Advances in Physical Science, p. 174. 

{Presidential Address. Quar. Journ. Geol. Soc. 
1869. 



gists believed that they had ample justifi- 
cation. The limits within which the phys- 
icist would circumscribe the earth's history 
were so vague, yet so vast, that, whether the 
time allowed were 400 millions or 100 
millions of years did not seem to them 
greatly to matter. After all, it was not the 
time that chiefly interested them, but the 
grand succession of events which the time 
had witnessed. That succession had been 
established on observations so abundant and 
so precise that it could withstand attack 
from any quarter, and it had taken as firm 
and lasting a place among the solid achieve- 
ments of science as could be claimed for any 
physical speculations whatsoever. Whether 
the time required for the transaction of this 
marvellous earth-history was some millions 
of years more, or some millions of years less, 
did not seem to the geologists to be a ques- 
tion on which their science stood in an- 
tagonism with the principles of natural 
philosophy, but one which the natural phi- 
losophers might be left to settle at their own 
good pleasure. 

For myself, I may be permitted here to 
say that I have never shared this feeling of 
indifference and unconcern. As far back as 
the year 1868, only a month after Lord 
Kelvin's first presentation of his threefold 
argument in favor of limiting the age of the 
earth, I gave in my adhesion to the pro- 
priety of restricting the geological demands 
for time. I then showed that even the phe- 
nomena of denudation, which, from the 
time of Hutton downwards, had been most 
constantly and confidently appealed to in 
support of the inconceivably vast antiquity 
of our globe, might be accounted for, at the 
present rate of action, within such a period 
as 100 millions of years.* To my mind it 
has always seemed that whatever tends to 

* Trans. Geol. Soc. Glasgow, Vol. III. (March 26, 
1863), p. 189. Sir W. Thomson acknowledged my 
adhesion in his reply to Huxley's criticism. Op. eit., 
p. 221. 
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give more precision to the chronology of the 
geologist and helps him to a clearer con- 
ception of the antiquity with which he has 
to deal, ought to be welcomed by him as a 
valuable assistance in his inquiries. And 
I feel sure that this view of the matter has 
now become general among those engaged 
in geological research. Frank recognition 
is made of the influence which Lord Kel- 
vin's persistent attacks have had upon our 
science. Geologists have been led by his 
criticisms to revise their chronology. They 
gratefully acknowledge that to him they 
owe the introduction of important new lines 
of investigation, which link the solution of 
the problems of geology with those of 
physics. They realize how much he has 
done to dissipate the former vague con- 
ceptions as to the duration of geological 
history, and even when they emphatically 
dissent from the greatly restricted bounds 
within which he would now limit that 
history, and when they declare their in- 
ability to perceive that any reform of their 
speculations in this subject is needful, or 
that their science has placed herself in op- 
position to the principles of physics, they 
none the less pay their sincere homage to 
one who has thrown over geology, as over 
so many other departments of natural 
knowledge, the clear light of a penetrating 
and original genius. 

"When Lord Kelvin first developed his 
strictures on modern geology he expressed 
his opposition in the most uncompromising 
language. In the short paper to which 
reference has already been made he an- 
nounced, without hesitation or palliation, 
that he ' brieity refuted ' the doctrine of 
Uniformitarianism which had been espoused 
and illustrated by Lyell and a long list of 
the ablest geologists of the day. The se- 
verity of his judgment of British geology 
was not more marked than was his un- 
qualified reliance on his own methods and 
results. This confident assurance of a dis- 



tinguished physicist, together with a fur<- 
midable array of mathematical formula?,, 
produced its effect on some geologists and 
paleontologists who were not Gallios. Thus,, 
even after Huxley's brilliant defense, Dar- 
win could not conceal the deep impression 
which Lord Kelvin's arguments had made- 
on his mind. In one letter he wrote that 
the proposed limitation of geological time 
was^one of his ' sorest troubles.' In an- 
other, he pronounced the physicist himself 
to be ' an odious spectre.'* 

The same self-confidence of assertion on 
the part of some, at least, of the disputants- 
on the physical side has continued all 
through the controversy. Yet when we 
examine the three great physical argu- 
ments in themselves, we find them to rest 
on assumptions which, though certified as 
' probable ' or ' very sure,' are nevertheless 
admittedly assumptions. The conclusions 
to which these assumptions lead must de- 
pend for their validity on the degree of ap- 
proximation to the truth in the premises 
which are postulated. 

Now it is interesting to observe that 
neither the assumptions nor the conclusions 
drawn from them have commanded uni- 
versal assent even among physicists them- 
selves. If they were as self-evident as they 
have been claimed to be, they should at 
least receive the loyal support of all those 
whose function it is to pursue and extend 
the applications of physics. It will be re- 
membered, however, that thirteen years ago 
Professor Greorge Darwin, who has so often 
shown his inherited sympathy in geological 
investigation, devoted his presidential ad- 
dress before the Mathematical Section of 
this Association to a review of the three 
famous physical arguments respecting the 
age of the earth. He summed up his judg- 
ment of them in the following words : " In 
considering these three arguments I have 
adduced some reasons against the validity 

* Darwin's Life and Letters, Vol. III., pp. 115, 146.. 
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of the first (tidal friction) ; and have en- 
deavored to show that there are elements of 
uncertainty surrounding the second (secu- 
lar cooling of the earth) ; nevertheless they 
undoubtedly constitute a contribution of 
the first importance to physical geology. 
Whilst, then, we may protest against the 
precision with which Professor Tait seeks 
to deduce results from them, we are fully 
justified in following Sir William Thomson 
who says that ' the existing state of things 
on the earth, life on the earth — all geological 
history showing continuity of life, must be 
limited within some such period of past time 
as 100,000,000 years.' "* 

More recently Professor Perry has entered 
the lists, from the physical side, to challenge 
the validity of the conclusions so confidently 
put forward in limitation of the age of the 
earth. He has boldly impugned each of the 
three physical arguments. That which is 
based on tidal retardation, following Mr. 
Maxwell Close and Professor Darwin, he 
dismisses as fallacious. In regard to the 
argument from the secular cooling of the 
earth, he contends that it is perfectly allow- 
able to assume a much higher conductivity 
for the interior of the globe, and that this 
assumption would vastly increase our esti- 
mate of the age of the planet. As to the 
conclusions drawn from the history of the 
sun, he maintains that, on the one hand, 
the sun may have been repeatedly fed by 
infalling meteorites, and that on the other 
the earth, during former ages, may have 
had its heat retained by a dense atmospheric 
envelope. He thinks that ' almost anything 
is possible as to the present internal state of 
the earth,' and he concludes in these words : 
"To sum up, we can find no published 
record of any lower maximum age of life on 
the earth, as calculated by physicists, than 
400 millions of years. Prom the three 
physical arguments, Lord Kelvin's higher 
limits are 1000, 400, and 500 million years. 

*Bep. Brit. Assoc, 1886, p. 517. 



I have shown that we have reasons for be- 
lieving that the age, from all these, may be 
very considerably underestimated. It is to 
be observed that if we exclude everything 
but the arguments from mere physics, the 
probable age of life on the earth is much less 
than any of the above estimates ; but if the 
paleontologists have good reasons for de- 
manding much greater times, I see nothing 
from the physicist's point of view which 
denies them four times the greatest of these 
estimates."* 

This remarkable admission from a recog- 
nized authority on the physical side re- 
echoes and emphasizes the warning pro- 
nounced by Professor Darwin in the address 
already quoted — ' ' at present our knowledge 
of a definite limit to geological time has so 
little precision that we should do wrong to 
summarily reject any theories which appear 
to demand longer periods of time than those 
which now appear allowable, "f 

This ' wrong,' which Professor Darwin so 
seriously deprecated, has been committed 
not once, but again and again, in the his- 
tory of this discussion. Lord Kelvin has 
never taken any notice of the strong body 
of evidence adduced by geologists and pale- 
ontologists in favor of a much longer antiq- 
uity than he is now disposed to allow for 
the age of the earth. His own three phys- 
ical arguments have been successively re- 
stated, with such corrections and modifica- 
tions as he has found to be necessary, and 
no doubt further alterations are in store for 
them. He has cut off slice after slice from 
the allowance of time which at first he was 
prepared to grant for the evolution of geo- 
logical history, his latest pronouncement 
being that ' it was more than twenty and 
less than forty million years, and probably 
much nearer twenty than forty.' J But 

* Nature, Vol. LI., p. 585, April 18, 1895. 
t Rep. Brit. Assoc, 1886, p. 518. 
% ' The Age of the Earth, ' Presidential Address to 
the Victoria Institute for 1897, p. 10, Phil. Mag., 1899. 
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in none of his papers is there an admission 
that geology and paleontology, though they 
have again and again raised their voices in 
protest, have anything to say in the matter 
that is worthy of consideration. 

It is difficult satisfactorily to carry on a 
discussion in which your opponent entirely 
ignores your arguments, while you have 
given the fullest attention to his. In the 
present instance, geologists have most care- 
fully listened to all that has been brought 
forward from the physical side. Impressed 
by the force of the physical reasoning, they 
no longer believe that they can make any 
demands they may please on past time. 
They have been willing to accept Lord Kel- 
vin's original estimate of 100 millions of 
years as the period within which the his- 
tory of life upon the planet must be com- 
prised ; while some of them have even 
sought in various ways to reduce that sum 
nearer to his lower limit. Yet there is un- 
doubtedly a prevalent misgiving, whether 
in thus seeking to reconcile their require- 
ments with the demands of the physicist 
they are not tying themselves down within 
limits of time which on any theory of evo- 
lution would have been insufficient for the 
development of the animal and vegetable 
kingdoms. 

It is unnecessary to recapitulate before 
this Section of the British Association, even 
in briefest outline, the reasoning of geologists 
and paleontologists which leads them to 
•conclude that the history recorded in the 
crust of the earth must have required for 
its transaction a much vaster period of time 
than that to which the physicists would now 
Testrict it.* Let me merely remark that 
the reasoning is essentially based on obser- 

* The geological arguments are briefly given in my 
Presidential Address to the British Association at the 
Edinburgh meeting of 1892. The biological argu- 
ments were well stated, and in some detail, by Pro- 
lessor Poulton in his address to the Zoological Section 
of the Association at the Liverpool Meeting of 1896. 



vations of the present rate of geological and 
biological changes upon the earth's surface. 
It is not, of course, maintained that this 
rate has never varied in the past. But it is 
the only rate with which we are familiar, 
which we can watch and in some degree 
measure, and which, therefore, we can take 
as a guide towards the comprehension and 
interpretation of the past history of our 
planet. 

It may be, and has often been said, that 
the present scale of geological and biological 
processes cannot be accepted as a reliable 
measure for the past. Starting from the 
postulate, which no one will dispute, that 
the total sum of terrestrial energy was once 
greater than it is now and has been steadily 
declining, the physicists have boldly as- 
serted that all kinds of geological action 
must have been more vigorous and rapid 
during bygone ages than they are to-day ; 
that volcanoes were more gigantic, earth- 
quakes more frequent and destructive, 
mountain-upthrows more stupendous, tides 
and waves more powerful, and commotions 
of the atmosphere more violent, with more 
ruinous tempests and heavier rainfall. As- 
sertions of this kind are temptingly plau- 
sible and are easily made. But it is not 
enough that they should be made ; they 
ought to be supported by some kind of evi- 
dence to show that they are founded on 
actual fact and not on mere theoretical pos- 
sibility. Such evidence, if it existed, could 
surely be produced. The chronicle of the 
earth's history, from a very early period 
down to the present time, has been legibly 
written within the sedimentary formations 
of the terrestrial crust. Let the appeal be 
made to that register. Does it lend any 
support to the affirmation that the geolog- 
ical processes are now feebler and slower 
than they used to be? If it does, the phys- 
icists, we might suppose, would gladly 
bring forward its evidence as irrefragable 
confirmation of the soundness of their con- 
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tention. But the geologists have found no 
such confirmation. On the contrary, they 
have been unable to discover any indication 
that the rate of geological causation has 
ever, on the whole, greatly varied during 
the time which has elapsed since the deposi- 
tion of the oldest stratified rocks. They do 
not assert that there has been no variation, 
that there have been no periods of greater 
activity, both hypogene and epigene. But 
they maintain that the demonstration of the 
existence of such periods has yet to be 
made. They most confidently affirm that 
whatever may have happened in the earliest 
ages, in the whole vast succession of sedi- 
mentary strata nothing has yet been de- 
tected which necessarily demands that more 
violent and rapid action which the physi- 
cists suppose to have been the order of na- 
ture during the past. 

So far as the potent effects of prolonged de- 
nudation permit us to judge, the latest moun- 
tain-upheavals were at least as stupend- 
ous as any of older date whereof the basal 
relics can yet be detected. They seem, in- 
deed, to have been still more gigantic than 
those. It may be doubted, for example, 
whether^ among the vestiges that remain of 
Mesozoic or Paleozoic mountain-chains any 
instance can be found so colossal as those of 
Tertiary times, such as the Alps. No vol- 
canic eruptions of the older geological pe- 
riods can compare in extent or volume with 
those of Tertiary and recent date. The 
plication and dislocation of the terrestrial' 
crust are proportionately as conspicuously 
displayed among the younger as among the 
older formations, though the latter, from 
their greater antiquity, have suffered dur- 
ing a longer time from the renewed disturb- 
ances of successive periods. 

As regards evidence of greater violence 
in the surrounding envelopes of atmosphere 
and ocean, we seek for it in vain among the 
stratified rocks. Among the very oldest 
formations of these islands, the Torridon 



sandstone of North- West Scotland presents 
us with a picture 'of long-continued sedi- 
mentation, such as may be seen in pro- 
gress now round the shores of many a 
mountain-girdled lake. In that venerable 
deposit, the enclosed pebbles are not mere 
angular blocks and chips, swept by a sud- 
den flood or destructive tide from off the 
surface of the land, and huddled together 
in confused heaps over the floor of the sea. 
They have been rounded and polished by 
the quiet operation of running water, as 
stones are rounded and polished now in the 
channels of brooks or on the shores of lake 
and sea. They have been laid gently down 
above each other, layer over layer, with fine 
sand sifted in between them, and this de- 
position has taken place along shores which, 
though the waters that washed them have 
long since disappeared, can still be followed 
for mile after mile across the mountains and 
glens of the North-West Highlands. So 
tranquil were these waters that their gentle 
currents and oscillations sufficed to ripple 
the sandy floor, to arrange the sediment in 
laminse of current-bedding, and to separate, 
the grains of sand according to their rela- 
tive densities. We may even now trace the 
results of these operations in thin darker 
layers and streaks of magnetic iron, zircon, 
and other heavy minerals, which have been 
sorted out from the lighter quartz-grains, as 
layers of iron-sand may be seen sifted to- 
gether by the tide along the upper margins 
of many of our sandy beaches at the present 
day. 

In the same ancient formation there 
occur also various intercalations of fine 
muddy sediment, so regular in their thin 
alternations, and so like those of younger 
formations, that we cannot but hope and 
expect that they may eventually yield re- 
mains of organisms which, if found, would 
be the earliest traces of life in Europe. 

It is thus abundantly manifest that even 
in the most ancient of the sedimentary reg- 
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isters .of 'the earth's history, not only is 
there no evidence of colossal floods, tides 
and denudation, hut there is incontrover- 
tible proof of continuous orderly deposition, 
such as may be witnessed to-day in any 
quarter of the globe. The same tale, with 
endless additional details, is told all through 
the stratified formations down to those 
which are in the course of accumulation at 
the present day. 

Not less important than the stratigraph- 
ical is the paleontological evidence in favor 
of the general quietude of the geological 
processes in the past. The conclusions 
drawn from the nature and arrangement of 
the sediments are corroborated and much 
extended by the structure and manner of 
entombment of the enclosed organic re- 
mains. From the time of the very earliest 
fossiliferous formations there is nothing to 
show that either plants or animals have had 
to contend with physical conditions of en- 
vironment different, on the whole, from 
those in which their successors now live. 
The oldest trees, so far as regards their 
outer form and internal structure, betoken 
an atmosphere neither more tempestuous 
nor obviously more impure than that of to- 
day. The earliest corals, sponges, crusta- 
ceans, mollusks, and arachnids were not 
more stoutly constructed than those of later 
times, and are found grouped together 
among the rocks as they lived and died, 
with no apparent indication that any vio- 
lent commotion of the elements tried their 
strength when living or swept away their 
remains when dead. 

But, undoubtedly, most impressive of all 
the paleontological data is the testimony 
borne by the grand succession of organic re- 
mains among the stratified rocks as to the 
vast duration of time required for their evo- 
lution. Professor Poulton has treated this 
branch of the subject with great fullness and 
ability. We do not know the present aver- 
age rates of organic variation, but all the 



available evidence goes to indicate their 
extreme slowness. They may conceivably 
have been more rapid in the past, or they 
may have been liable to fluctuations accord- 
ing to vicissitudes of environment.* But 
those who assert that the rate of biological 
evolution ever differed materially from what 
it may now be inferred to be, ought surely 
to bring forward something more than mere 
assertion in their support. In the mean- 
time, the most philosophical course is un- 
doubtedly followed by those biologists who 
in this matter rest their belief on their own 
experience among r ( ecent and fossil organ- 
isms. 

So cogent do these geological and paleon- 
tological arguments appear, to those at 
at least who have taken the trouble to 
master them, that they are worthy of being 
employed, not in defence merely, but in 
attack. It seems to me that they may be 
used with effect in assailing the stronghold 
of speculation and assumption in which our 
physical friends have ensconced themselves 
and from which, with their feet, as they 
believe, planted well within the interior of 
the globe and their heads in the heart of 
the sun, they view with complete uncon- 
cern the efforts made by those who en- 
deavor to gather the truth from the surface 
and crust of the earth. That portion of the 
records of terrestrial history which lies open 
to our investigation has been diligently 
studied in all parts of the world. A vast 
body of facts has been gathered together 
from this extended and combined research. 
The chronicle registered in the earth's 
crust, though not complete, is legible and 
consistent. From the latest to the earliest 
of its chapters the story is capable of clear 

* See an interesting and suggestive paper by Pro- 
fessor Le Conte on ' Critical Periods in the History of 
the Earth,' Bull. Dept. Geology, University of Califor- 
nia, Vol. I. (1895), p. 313 ; also one by Professor 
Chamberlin on ' The Ulterior Basis of Time-divisions 
and the Classification of Geological History,' Journal 
of Geology, Vol. VI. (1898), p. 449. 
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and harmonious interpretation by a com- 
parison of its pages with the present condi- 
tion of things. We know infinitely more 
of the history of this earth than we do of 
the history of the sun. Are we then to be 
told that this knowledge, so patiently accu- 
mulated from innumerable observations and 
so laboriously coordinated and classified, is 
to be held of none account in comparison 
with the conclusions of physical science in 
regard to the history of the central luminary 
of our system? These conclusions are 
founded on assumptions which may or may 
not correspond with the truth. They have 
already undergone revision, and they may be 
still further modified as our slender knowl- 
edge of the sun, and of the details of its his- 
tory, is increased by future investigation. 
In the meantime, we decline to accept them 
as a final pronouncement of science on the 
subject. We place over against them the 
evidence of geology and paleontology, and 
affirm that unless the deductions we draw 
from that evidence can be disproved, we are 
entitled to maintain them as entirely borne 
out by the testimony of the rocks. 

Until, therefore, it can be shown that 
geologists and paleontologists have misin- 
terpreted their records, they are surely well 
within their logical rights in claiming as 
much time for the history of this earth as 
the vast body of evidence accumulated by 
them demands. So far as I have been able 
to form an opinion, one hundred millions of 
years would suffice for that portion of the 
history which is registered in the stratified 
xocks of the crust. But if the paleontol- 
ogists find such a period too narrow for 
their requirements, I can see no reason on 
the geological side why they should not be 
at liberty to enlarge it as far as they may 
find to be needful for the evolution of or- 
ganized existence on the globe. As I have 
already remarked, it is not the length of 
time which interests us so much as the de- 
termination of the relative chronology of 



the events which were transacted within 
that time. As to the general succession of 
these events, there can be no dispute. We 
have traced its stages from the bottom of 
the oldest rocks up to the surface of the 
present continents and the floor of the pres- 
ent seas. We know that these stages have 
followed each other in orderly advance, and 
that geological time, whatever limits may 
be assigned to it, has sufficed for the pas- 
sage of the long stately procession. 

We, may, therefore, well leave the dis- 
pute about the age of the earth to the de- 
cision of the future. In so doing, however, 
I should be glad if we could carry away 
from it something of greater service to 
science than the consciousness of having 
striven our best in a barren controversy, 
wherein concession has all to be on one side 
and the selection of arguments entirely on 
the other. During these years of prolonged 
debate I have often been painfully conscious 
that in this subject, as in so many others 
throughout the geological domain, the want 
of accurate numerical data is a serious hin- 
drance to the progress of our science. 
Heartily do I acknowledge that much has 
been done in the way of measurements and 
experiments for the purpose of providing 
a foundation for estimates and deductions. 
But infinitely more remains to be accom- 
plished. The field of investigation is al- 
most boundless, for there is hardly a de- 
partment of geological dynamics over which 
it does not extend. The range of experi- 
mental geology must be widely enlarged, 
until every process susceptible of illustra- 
tion or measurement by artificial means has 
been investigated. Field-observation needs 
to be supplemented where possible by in- 
strumental determinations, so as to be made 
more precise and accurate, and more cap- 
able of furnishing reliable numerical statis- 
tics for practical as well as theoretical de- 
ductions. 

The subject is too vast for adequate 
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treatment here. But let me illustrate my 
meaning by selecting a few instances where 
the adoption of these more rigid methods of 
inquiry might powerfully assist us in deal- 
ing with the rates of geological processes 
and the value of geological time. Take, for 
example, the wide range of lines of investi- 
gation embraced under the head of denuda- 
tion. So voluminous a series of observa- 
tions has been made in this subject, and so 
ample is the literature devoted to it, that 
no department of geology, it might be 
thought, has been more abundantly and 
successfully explored. Yet if we look 
through the pile of memoirs, articles and 
books, we cannot but be struck with the 
predominant vagueness of their statements, 
and with the general absence of such numer- 
ical data determined by accurate, systematic 
and prolonged measurement as would alone 
furnish a satisfactory basis for computations 
of the rate at which denudation takes 
place. Some instrumental observations of 
the greatest value have indeed been made, 
but, for the most part, observations of this 
kind have been too meagre and desultory. 
A little consideration will show that in 
all branches of the investigation of denuda- 
tion opportunities present themselves on 
every side of testing, by accurate instru- 
mental observation and measurement, the 
rate at which some of the most universal 
processes in the geological r&gime of our 
globe are carried on. 

It has long been a commonplace of geology 
that the amount of the material removed in 
suspension and solution by rivers, furnishes 
a clue to the rate of denudation of the 
regions drained by the rivers. But how 
unequal in value, and generally how in- 
sufficient in precision, are the observations 
on this topic ! A few rivers have been more 
or less systematically examined, some widely 
varying results have been obtained from the 
observations, and while enough has been 
obtained to show the interest and impor- 



tance of the method of research, no adequate- 
supply of materials has been gathered for 
the purposes of accurate deduction and gen- 
eralization. What we need is a carefully 
organized series of observations carried out 
on a uniform plan, over a sufficient number 
of years, not for one river only, but for all 
the important rivers of a country, and in- 
deed for all the greater rivers of each con- 
tinent. We ought to know as accurately as 
possible the extent of the drainage-area of 
each river, the relations of river-discharge 
to rainfall and to other meteorological as 
well as topographical conditions ; the varia- 
tion in the proportions of mechanical and 
chemical impurities in the river-water ac- 
cording to geological formations, form of 
the ground, season of the year and climate. 
The whole geological rigime of each river 
should be thoroughly studied. The admi- 
rable report of Messrs. Humphreys and 
Abbot on the ' Physics and Hydraulics of 
the Mississippi,' published in 1861, might 
well serve as a model for imitation, though 
these observers necessarily occupied them- 
selves with some questions which are not 
specially geological and did not enter into 
others on which, as geologists, we should 
now gladly have further information. 

Again, the action of glaciers has still less 
been subjected to prolonged and systematic 
observation. The few data already obtained 
are so vague that we may be said to be still 
entirely ignorant of the rate at which 
glaciers are wearing down their channels 
and contributing to the denudation of the 
land. 

The whole of this inquiry is eminently 
suitable for combined research. Each stream 
or glacier, or each well-marked section of 
one, might become the special inquiry of a 
single observer, who would soon develop a 
paternal interest in his valley and vie with 
his colleagues of other valleys in the fullness 
and accuracy of his -records. 

Nor is our information respecting the op- 
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erations of the sea much more precise. Even 
in an island like Great Britain, where the 
waves and tides effect so much change within 
the space of a human life-time, the estimates 
of the rate of advance or retreat of the shore- 
line are based for the most part on no accu- 
rate determinations. It is satisfactory to 
be able to announce that the Council of this 
Association has formed a Committee for the 
purpose of obtaining full and accurate in- 
formation regarding alterations of our 
coasts, and that with the sanction of the 
Lords of the Admiralty, the cooperation of 
the Coast-guard throughout the three king- 
doms has been secured. We may, therefore, 
hope to be eventually in possession of trust- 
worthy statistics on this interesting subject. 

The disintegration of the surface of the 
land by the combined agency of the sub- 
aerial forces of decay is a problem which 
has been much studied, but in regard to 
whose varying rates of adva.nce not much 
has been definitely ascertained. The me- 
teorological conditions under whichit takes 
place differ materially according to latitude 
and climate, and doubtless its progress is 
equally variable. An obvious and useful 
source of information in regard to atmos- 
pheric denudations is to be found in the 
decay of the material of buildings of which 
the time of erection is known, and in dated 
tombstones. Twenty years ago I called at- 
tention to the rate at which marble gives 
way in such a moist climate as ours, and 
cited the effects of subaerial waste as these 
can be measured on the monuments of our 
graveyards and cemeteries.* I would urge 
upon town-geologists, and those in the 
country who have no opportunities of ven- 
turing far afield, that they may do good ser- 
vice by careful scrutiny of ancient buildings 
and monuments. In the churchyards they 
will find much to occupy and interest them, 
not, however, like Old Mortality, in repair- 
ing the tombstones, but in tracing the 

*Proc. Roy. Soe. Edin., Vol. X. (1879-80), p. 518. 



ravages of the weather upon them, and in 
obtaining definite measures of the rate of 
their decay. 

The conditions under which subaerial dis- 
integration is effected in arid climates, and 
the rate of its advance, are still less known, 
seeing that most of our information is de- 
rived from the chance observations of pass- 
ing travelers. Yet this branch of the sub- 
ject is not without importance in relation to 
the denudation, not only of the existing ter- 
restrial surface, but of the lands of former 
periods, for there is evidence of more than 
one arid epoch in geological history. Here, 
again, a diligent examination of ancient: 
buildings and monuments might afford 
some, at least, of the required data. In 
such a country as Egypt, for instance, it- 
might eventually be possible to determine 
from a large series of observations what has- 
been the average rate of surface-disintegra- 
tion of the various kinds of stone employed 
in human constructions that have been, 
freely exposed to the air for several thou- 
sand years. 

Closely linked with the question of denu- 
dation is that of the deposition of the mate- 
rial worn away from the surface of the land. 
The total amount of sediment laid down 
must equal the amount of material ab- 
stracted, save in so far as the soluble por- 
tions of that material are retained in solu- 
tion in the sea. But we have still much to 
learn as to the conditions, and especially as - 
to the rate, of sedimentation. Nor does; 
there appear to be much hope of any con- 
siderable increase to our knowledge until' 
the subject is taken, up in earnest as one de- 
manding and justifying a prolonged series, 
of well-planned and carefully executed ob- 
servations. We have yet to discover the- 
different rates of deposit, under the varying 
conditions in which it is carried on in lakes, 
estuaries, and the sea. What, for instance, 
would be a fair average for the rate at whicli 
the lakes of each country of Europe are now/ 
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being silted up? If this rate were ascer- 
tained, and if the amount of material 
already deposited in these basins were de- 
termined, we should be in possession of data 
for estimating not only the probable time 
when the lakes will disappear, but also the 
approximate date at which they came into 
existence. 

But it is not merely in regard to epigene 
changes that further more extended and 
concerted observation is needed. Even 
among subterranean movements there are 
some which might be watched and recorded 
with far more care and continuity than have 
ever been attempted. The researches of 
Professor George Darwin and others have 
shown how constant are the tremors, minute 
but measurable, to which the crust of the 
earth is subject.* Do these phenomena in- 
dicate displacements of the crust, and, if so, 
what in the lapse of a century is their cu- 
mulative effect on the surface of the land ? 

More momentous in their consequences 
are the disturbances which traverse moun- 
tain-chains and find their most violent ex- 
pression in shocks of earthquake. The 
effects of such shocks have been studied and 
recorded in manyparts of the world, but their 
cause is still little understood. Are the dis- 
turbances due to a continuation of the same 
operation which at first gave birth to the 
mountains ? Should they be regarded . as 
symptoms of growth or of collapse ? Are 
they accompanied with even the slightest- 
amount of elevation or depression? We 
cannot tell. But these questions are proba- 
bly susceptible of some more or less definite 
answer. It might be possible, for instance, to 
determine with extreme precision the heights 
above a given datum of various fixed points 
along such a chain as the Alps, and by a 
series of minutely accurate measurements 
to detect any upward or downward devia- 
tion from these heights. It is quite con- 
ceivable that throughout the whole his- 
* Report Brit. Assoc, 1882, p. 95. 



torical period some deviation of this kind 
has been going on, though so slowly, or by 
such slight increments at each period of re- 
newal, as to escape ordinary observation. 
We might thus learn whether, after an 
Alpine earthquake, an appreciable differ- 
ence of level is anywhere discoverable, 
whether the Alps as a great mountain-chain 
are still growing or are now subsiding, and 
we might be able to ascertain the rate of the 
movement. Although changes of this na- 
ture may have been too slight during human 
experience to be ordinarily appreciable, their 
very insignificance seems to me to supply a 
strong reason why they should be sought 
for and carefully measured. They would 
not tell us, indeed, whether a mountain- 
chain was called into being in one gigantic 
convulsion, or was raised at wide intervals 
by successive uplifts, or was slowly elevated 
by one prolonged and continuous move- 
ment. But they might furnish us with 
suggestive information as to the rate at 
which upheaval or depression of the terres- 
trial crust is now going on. 

The vexed questions of the origin of 
Kaised Beaches and Sunk Forests might in 
like manner be elucidated by well-devised 
measurements. It is astonishing upon 
what loose and unreliable evidence the ele- 
vation or depression of coast-lines has often 
been asserted. On shores where proofs of a 
change of level are observable it would not 
be difficult to establish by accurate observa- 
tion whether any such movements are tak- 
ing place now, and, if they are, to deter- 
mine their rate. The old attempts of this 
kind along the coasts of Scandinavia might 
be resumed with far more precision and on 
a much more extended scale. Methods of 
instrumental research have been vastly im- 
proved since the days of Celsius and Lin- 
naeus. Mere eye-observations would not 
supply sufficiently accurate results. When 
the datum-line has been determined with 
rigorous accuracy, the minutest changes of 
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level, such as would be wholly inappreci- 
able to the senses, might be detected and 
recorded. If such a system of watch were 
maintained along coasts where there is rea- 
son to believe that some rise or fall of land 
is taking place, it would be possible to fol- 
low the progress of the movement and to 
determine its rate. 

But I must not dwell longer on examples 
of the advantages which geology would gain 
from a far more general and systematic 
adoption of methods of experiment and 
measurement in elucidation of the problems 
of the science. I have referred to a few of 
those which have a more special bearing on 
the question of geological time, but it is 
obvious that the same methods might be 
•extended into almost every branch of geo- 
logical dynamics. While we gladly and 
gratefully recognize the large amount of ad- 
mirable work that has already been done 
by the adoption of these practical methods, 
from the time of Hall, the founder of ex- 
perimental geology, down to our own day. 
we cannot but feel that our very apprecia- 
tion of the gain which the science has thus 
derived, increases the desire to see the prac- 
tice still further multiplied and extended. 
I am confident that it is in this direction, 
more than in any other, that the next great 
advances of geology are to be anticipated. 

While much may be done by individual 
students, it is less to their single efforts than 
to the combined investigations of many fel- 
low-workers, that I look most hopefully for 
the accumulation of data towards the de- 
termination of the present rate of geological 
changes. I would, therefore, commend this 
subject to the geologists of this and other 
countries as one in which individual, na- 
tional, and international cooperation might 
well be enlisted. We already possess an 
institution which seems well adapted to un- 
dertake and control an enterprise of the 
kind suggested. The International Geolog- ' 
ical Congress, which brings together our as- 



sociates from all parts of the globe, would 
confer a lasting benefit on the science, if it 
could organize a system of combined obser- 
vation in any single one of the departments 
of inquiry which I have indicated, or in any 
other which might be selected. We need 
not at first be too ambitious. The simplest, 
easiest, and least costly series of observa- 
tions might be chosen for a beginning. The 
work might be distributed among the differ- 
ent countries represented in the Congress. 
Each nation would be entirely free in its 
selection of subjects for investigation, and 
would have the stimulus of cooperation 
with other nations in its work. The Con- 
gress will hold its triennial gathering next 
year in Paris, and if such an organization 
of research as I have suggested could then 
be inaugurated, a great impetus would 
thereby be given to geological research, and 
France, again become the birthplace of an- 
other scientific movement, would acquire a 
fresh claim to the admiration and gratitude 
of geologists in every part of the globe. 

Archibald Geikie. 



RESEARCHES IN PRACTICE AND HABIT. 

The object of this investigation was to 
ascertain the results of practice in volun- 
tary movements, repeating the same move- 
ments an equal number of times each day 
until approximately the highest degree of 
perfection attainable was reached. 

1 . Triangular movement of the arm. — The first 
experiment consisted in tapping continu- 
ously at the corners of an equilateral 
triangle whose sides measured 20 cm . The 
tests each day lasted only a short time; 
they were performed from 6 to 11 days by 
seven persons. 

The results of the experiment showed 
that the greatest gains in rapidity of triang- 
ular movements of the hand as well as in 
the regularity of successive movements 
were made in the early part of the practice. 
The percentage of gain in speed rapidly de- 



